Greening regional development: employment in low-carbon and renewable energy activities. Regional Studies. The promotion of low-carbon and renewable energy (LC + RE) activities has become an important element of development policy in many regional economies. In practice, defining and measuring these activities presents conceptual, methodological and operational challenges. This paper illustrates these difficulties using three recent estimates of LC + RE jobs for Scotland. It proposes that information on the LC + RE sector should be embedded in a set of input-output accounts. This would facilitate the planning, implementation and monitoring of LC + RE-based regional development policy.
INTRODUCTION
The pace of renewable energy development in Scotland has accelerated rapidly over the last decade. Scottish renewable electricity capacity rose by 246% between 2003 and 2012 while Scottish output from renewable heat almost tripled from 2008/09 to 2012 (Department of Energy and Climate Change (DECC), 2013; Energy Saving Trust (EST), 2013).
1 Moreover, the Scottish Government (SG) (2011d) has a target for renewable sources to meet the equivalent of 100% of Scottish gross electricity consumption and 11% of heat by 2020 (SG, 2009a) .
It is claimed that these major changes in the scale of low-carbon and renewable energy (LC + RE) production and use will deliver significant economic benefits and employment gains for Scotland. The 2020 Routemap for Renewable Energy in Scotland argues that the target to meet 100% of Scottish consumption is 'necessary to reindustrialise Scotland through 21st century technologies and seize the opportunities to create tens of thousands of new jobs and secure billions of pounds of investment in our economy ' (SG, 2011d, p. 2) . The earlier A Low Carbon Economic Strategy for Scotland more explicitly asserts 'jobs in the low carbon sector in Scotland could grow by 4% a year to 2020, rising from 70,000 to 130,000, over 5% of the Scottish workforce' (SG, 2010c, p. 10) .
The emphasis on LC + RE developments reflects the SG's core purpose of increasing sustainable economic growth, encompassing a range of (potentially conflicting) objectives including stimulating economic growth, but also reducing carbon emissions. Renewables are particularly attractive in this context, and there are few policies that contribute positively to both these policy objectives.
2 However, it is important to state that international energy and greenhouse gas reduction responsibilities are not devolved and formally rest with UK central government.
3 The SG's sustainability policy is, therefore, an ethical and economic one.
There are, however, three core interrelated problems involved in identifying the level and nature of employment in such activities. The first is conceptual and centres around precisely which activities are included or excluded under this heading. The second issue concerns what methods should be used to operationalize this concept. The third issue is accuracy. Even if there were complete clarity about what is meant by LC + RE activities and how these should be measured, there could still be concerns over the accuracy of such measurement.
Three recent studies attempt to quantify employment in Scotland in LC + RE activities. In this paper these reports are used to illustrate the issues that have been raised in attempts to identify LC + RE employment. Appropriate and accurate reporting is particularly important here, given that LC + RE activities comprise a key sector in Scotland's economic development strategy. Whilst the paper uses Scotland as an example, many regional economies have the expansion of LC + RE activities as prominent in their development strategies and the difficulties illustrated here apply much more widely (e.g., Mayor of London, 2011; Nova Scotia Department of Energy, 2010; Welsh Government, 2012) so that lessons drawn for Scotland should inform methods for measuring LC + RE employment in other regions. Table 1 identifies those major Scottish Executive (SE)/ SG policy documents published since devolution in 1999 that link LC + RE technologies and economic development. Although the terminology differs over t i m e ,t h i sl i s ti n c l u d e ss t r a t e g i e sc o n c e r n i n gw h a ta r e known as green jobs and jobs in (or in the transition to) the LC economy. Affirmatives in the second and third columns in Table 1 indicate whether the strategy documents were focused on one or both energy and/or economic objectives. Table 1 shows the growing focus since 2001 on the employment gains to Scotland from LC + RE technologies. At the beginning of the decade, the 'Smart, Successful Scotland' development strategy made no reference to 'renewables', 'energy', 'emissions' or 'carbon ' (SE, 2001 ). However, within four years, the SE (2005a, p. 6) outlined a 'green enterprise strategy for Scotland' that expressed non-specific expectations for linked employment and economic advantage. This was followed by specific targets for renewable electricity/energy production (SE, 2005b; S G ,2008 , 2011b . These targets are explicitly or implicitly linked to the potential jobs and development outcomes that are expected to accompany stimulating renewables.
LOW-CARBON ECONOMIC STRATEGY IN SCOTLAND SINCE DEVOLUTION
The government's economic strategy (SG, 2007) listed 'Energy, with a particular focus on renewables' as one of its key sectors. These are sectors identified as having the potential to be 'internationally successful in areas of global demand', and whose future success could be helped by government intervention (SG, 2007, p. 27) . When this strategy was refreshed, the SG (2011c) created an additional strategic priority -the transition to an LC economy. The then First Minister, Alex Salmond, stated that Scotland had the opportunity to reindustrialise the nation and create thousands of new jobs across Scotland. With the right incentives we now know that the low carbon sector could support 130,000 jobs by 2020 and we are determined to deliver on this ambition. (SG, 2011c,p .5 ) Whilst this is not a formal target, it is clearly a firm aspiration. Over this short period of time, LC + RE technologies have become a central plank of the SG's sustainable development strategy with the aim of augmenting (and eventually replacing) oil-related activity. It is central to the SG's economic aims and confident claims are made for its future importance. It is therefore crucial that there is a clear and consistent accounting framework for measuring 
IDENTIFYING LOW-CARBON ACTIVITIES IN SCOTLAND
There has been much recent debate in the academic literature concerning how best to identify activities that might be considered green (e.g., Furchtgott-Roth, 2012)a n d also whether green policies, or increases in specific 'green' activities, create net additional jobs (e.g., Blyth et al., 2014) . Additionally, there is little agreement on how to measure 'green employment'.S o m es t u d i e s adopt a 'top-down' approach, such as using official aggregate statistics (e.g., Bureau of Labour Statistics, 2010; Yi, 2014; Y i&L i u ,2015) w h i l s to t h e r su s e'bottom-up' surveys to measure employment in specific activities (e.g., Blanco & Rodrigues, 2009; Llera, Uson, Bribian, & Scarpelli, 2010) . This section examines three recent studies that produce estimates of Scottish employment in such activities. It has two main objectives. The first is to use these as case studies in identifying the conceptual and practical problems in measuring green jobs. The second is to assess how accurately the studies measure the present and potential future role for the LC + RE sector in Scotland. This is important to policy-makers for monitoring progress and is essential if the electorate is to be enabled to hold the SG to account on its aims for this sector.
The relevant characteristics, strengths and weaknesses of these three studies are summarized in Table 2 . These are spelled out in more detail below. To begin, it is important to note that these studies attempt to measure three rather different activity groupings, driven by different objectives. Two of the three reports are generated or funded by the SG: SG (2011) and Innovas Solutions (IS) (2011). Another is produced for an industrial association: Scottish Renewables (SR) (2012). SG is generated specifically to track progress on an individual SG growth sector, whilst SR indicates the size of a particular LC + RE sector.
4 IS was produced specifically to motivate the SG's Low Carbon Economic Strategy. Although the diversity of the reports reflects, to an extent, the ambiguity over the notion of green jobs, this paper is more concerned about the validity and the consistency of the results generated by the studies. SR (2012) seeks to estimate 'employment in renewable energy in Scotland'. First, note that this study covers one area targeted by the SG's Low Carbon Economic Strategy and 'Energy, with a particular focus on renewables' key sector. The study takes a bottom-up approach: employment data were obtained from a survey of more than 200 firms active in RE in Scotland. SR'sd e finition of renewable employment comprises a range of categories, including product design, development, operation and the supply chain, for a number of RE technologies. 5 The estimate of total employment and the disaggregation of activities is reported in Table 3 .
This section begins with conceptual issues concerning the coverage of the individual studies. The SR report only deals with part of the LC + RE sector. However, although one could consider the renewables element of LC + RE the most straightforward to measure, there are further issues raised by this report. The first is that SR includes 152 jobs in the public sector and 757 in higher and further education. These make up 8% of the SR total of 11,136. The inclusion of such jobs is unusual. For example, in an estimate of employment in the finance sector, it would be curious to include finance academics and civil servants working on financial regulation. Serious problems of double-counting can occur when activity clearly in one industrial sector is attributed to another. This having been said, the employment categories are clearly identified, so the user can decide whether to include these figures, though it is often the headline (aggregate) figure that is quoted.
A second conceptual issue is whether investment activity should be included in the estimates. In the SR figures for renewable employment in Scotland, the largest single element is 3223, attributed principally to grid upgrade work driven by onshore wind generation. It might seem curious to some that these are included as LC + RE jobs. Similar concerns relate to elements of the supply chain. This is an area where clarity is absolutely essential. The production of renewable electricity, These issues are dealt with in more detail in the next section, but there is no clear conceptual account of how these issues should be treated in these studies. In this case some elements of the supply chain are included but only where these seem to have a specifically RE orientation. The method adopted in SR is straightforward and the sectors relatively easy to comprehend. However, there is some ambiguity as to what exactly would be counted as relevant supply-chain production, so that the study is not completely transparent. 'Energy (including renewables)' is one of the six growth sectors identified by the SG in the 2011 Government Economic Strategy (SG, 2011) Each growth sector is defined and monitored using Standard Industrial Classification 2007 (SIC07), which is the basis for official statistics. There is more than one source for these data, but they are curated from official surveys such as the annual Office for National Statistics (ONS) 'Business Register and Employment Survey'. The SG (2013) report draws on information for the relevant sectors from the SG's regularly updated 'Growth Sector Statistics Database'. This estimate therefore adopts a top-down approach.
The categories identified within 'Energy (including renewables)', together with the employment in each of these categories in 2012, are shown in Table 4 . The total level of employment identified is 63,400. Clearly, this definition is much broader than that used by SR (2012): it includes, but is not restricted to, the renewables subsector of energy activities. The largest number of employees is actually in the category 'Mining support service activities'.
Two key problems with this approach arise: First, all employment under each SIC sector is identified as being engaged in 'Energy (including renewables)' work. This could be an appropriate assumption for workers employed in the extraction of fossil resources (SIC 05). However, it will not be the case that all workers employed in 'Engineering-related scientific and technical consulting activities' (SIC 71.12/2) will be employed solely by energy activities, since it is known that this category includes land surveying activities, geological surveying, etc. Secondly, the selection of categories for inclusion in the 'Energy (including renewables)' grouping demonstrates the difficulties in using SICs to classify energy and renewable activities to specific sectors. Activity in renewable electricity, for instance, which would be expected to be included in these definitionsand will be part of SIC 35 -are not separately identified in the SIC categories listed. Moreover, it is difficult to know where some elements included in the SR study, such as bioenergy, would be counted in this estimate. Finally there are sectors here, such as SIC 38.22 'Treatment and disposal of hazardous waste', that seem inappropriately attributed as energy sectors. Furthermore, although this growth sector is defined with particular relevance to renewables, separate figures for renewables are not available from this data source. Clearly there are big advantages to linking the employment estimates to SIC sectors; however, these have to be further disaggregated to properly identify LC + RE activity.
The SG's Low Carbon Economic Strategy, and the subsequent employment ambitions, were informed by IS (2011) is a bottom-up study where the identification of activity is not restricted by SIC codes. The report states: 'These technologies are often "cross cutting", and in the past have been seen and measured as part of other sectors through the SIC coding system which traditionally has a time lag before being implemented' (p. 4). Whilst it is accepted that the LC + RE sectors will not be wholly defined along existing SIC classifications, clearly some linking to standard sector classifications is desirable and the operationalization will be important. Third, the approach incorporates 'supply chain companies as well as those which are considered specialists in the sector ' (p. 4) . Again, what exactly is included within 'supplychain activities' is not clear.
The operationalization of the IS measure is particularly problematic. The report disaggregated activity to 2400 ('level 5') sectors with market and firm-specific data collected from enterprises involved in each of the categories defined at this lowest possible level. Firms are included if they are active either as a specialist firm, with primary activities in an identified and defined category, or if they are assigned to the supply chain. The threshold for including a company is if at least 20% of sales can be directly attributed to the low-carbon, renewable energies or environmental sectors, but how this is determined (and why this threshold is used) is less certain. The estimated Scottish employment data are aggregated into three main (level 1) sectors, disaggregated into the 23 (level 2) subsectors shown in Table 5 . Under the IS classification these comprise 73,960 employees. Of the level 2 categories, the largest is Alternative fuels, with 17,780.
It is useful to compare the figures across the type of employment, i.e., sectoral or by activity, which are included in the three studies. First, as noted already, each covers different aspects of energy, LC, renewables and environmental goods and service activity in Scotland. For instance, the SG measure includes activities that are explicitly nonrenewable and non-LC, while SR focuses on RE, with a particular focus on electricity, and IS has a broader coverage of activities. Additionally, the reports differ in terms of the extent to which they capture the employment embedded in the LC + RE supply chain.
Figure 1 highlights these differences in coverage. The outer box equates to all employment in Scotland, with employment captured within each report covering a subset of this total. Four overlapping areas between each pair of studies, plus activities that are common to all, can be identified: 6 . Area 1: activities common to all three reports. . Area 2: activities common to IS and SG reports (i.e., but not SR).
. Area 3: activities common to SR and SG reports.
. Area 4: activities common to IS and SR reports.
Each area of Figure 1 is populated with examples of employment activities that are counted within the combination of reports to which that area relates. For instance, employment in Scotland's two nuclear facilities are counted within area 2. 7 It is also interesting to note those activities in non-overlapping areas, i.e., which feature in only one of the three measure.
Given the differences in coverage, one does not expect the headline figures in the three studies to be the same. However, even for comparable categories, the employment estimates vary widely. For example, it may be expected that the employment identified by SR should be included in all three studies, as its focus on RE is a subset of that covered by IS estimate, and appears in the nomenclature for the SG measure. However, significant elements of SR's figurespecifically employment in public/higher education and extensions to the grid -are not included in the other two studies. Subtracting non-comparable elements from the SR estimate, one obtains an employment estimate of 7004, which is less than one-third of the IS estimate for employment in the 'Level 1: Renewable energy technology' category (22,160). Furthermore, the IS and SR studies estimate employment in 'Wave and tidal' as the widely divergent 55 and 521 respectively. Remember, both these are bottom-up approaches. Moreover, in the top-down SG study, renewables are not separately identified. However, the SG employment given for 'Electricity, gas, steam, and air conditioning supply' (14,600) is lower than the figure for the renewable electricity generation alone given in the IS report (16, 890) . This situation is highly unsatisfactory and confusing and stems from lack of a clear, common method for compiling data on employment in LC + RE activities.
AN IMPROVED METHOD FOR IDENTIFYING LC + RE EMPLOYMENT
The second section documented the increased importance of the LC economy in Scottish industrial policy. However, in order to have effective policy-making and monitoring, there is a need for clarity concerning the data that are being used and confidence in their accuracy. From the discussions in the third section, there are three main practical problems in constructing these data.
The first is to identify which activities are to be treated as falling under the LC + RE heading. This includes the issue of whether both investment and operational activities should be covered. The second is to locate these activities in the existing SIC framework. The third is to deal appropriately with the supply chain. At present uncertainties and inconsistencies in the treatment of each of these issues severely undermines the value of the Scottish data collected on this sector.
The most effective way of dealing with these challenges is to adopt a mixed top-down/bottom-up approach and embed the elements of the LC + RE sector within a set of input-output (IO) accounts (Miller & Blair, 2009) . Such accounts present, in a matrix form, the detailed purchases and sales of all industries within a particular geographical area. They identify sales both to final demand (including exports, government, investment and consumption), and to other industries, which use the good as an intermediate input. Similarly IO accounts detail the purchases by individual industries of labour and capital services, as well as intermediate inputs and imports. Finally, standard techniques can be used to measure the multiplier impacts of changes in final demand for the output of individual industries. That is to say, the multiplier process identifies the whole supply chain. For an individual sector the aggregate output, employment or value-added impacts can be calculated, but equally this aggregate figure can be disaggregated to impacts on individual sectors. There is an extensive literature on this form of IO analysis with a standard terminology and set of techniques.
However, official IO tables are typically not disaggregated in a way that separately identifies the LC + RE sector, so that the tables need to be adjusted using supplementary information. Ideally, this should follow a bottom-up procedure. A crucial point, however, is that supplementary data should be collected in a manner that is compatible with IO tables (where they exist) and that the conventional national accounting principles (that, for example, preclude double-counting) apply.
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This hybrid IO approach has a number of strengths. First, the IO sectors map to standard SICs. This means that the LC + RE sectors can be linked and compared with other standard industries. Also, because the IO is a set of balanced accounts, this adds accounting rigour to the identification of LC + RE activity.
Second, the treatment of intermediate demand means that it is possible to give a flexible response to the questions raised in the third section about the appropriate specification of the supply chain. When concern is with the demand-induced impacts of LC + RE developments, then the total impact is most relevant. That is to say, a measure of the full supply chain is required. For example, if Scotland is generating RE for export, then the total of the additional indirect and induced jobs generated by the multiplier effect are the appropriate figures to consider.
On the other hand, supply-side issues might be the primary concern, with the SG wishing to exploit economies of scale and scope and thereby create an LC + RE cluster. In this case, the focus should be on those elements of the supply chain that are defined as being LC + RE. However, the IO multiplier procedure can separately identify those elements of the full supply chain. Furthermore, the impact of changes in the production of other sectors on employment in LC + RE is again straightforward to estimate.
Additionally, IO accounts can be augmented so that environmental indicators, such as pollution or waste, are assigned to specific economic activities, such as sector output or energy use (e.g., Turner, 2006) . With an IO system disaggregated to identify LC + RE activity, the policymaker can quantify the direct and indirect carbon content of each sector. This is not restricted to the carbon intensity of the sector itself, but can also take account of the sector's links to other parts of the economy (and the carbon embodied in those connections). This could be used to identify and verify the status of LC sectors.
Scotland produces regular and timely IO accounts (e.g., SG, 2014), but these accounts do not separately identify the LC + RE subsectors. An attempt partially to augment the official Scottish IO accounts along these lines is performed by Allan, McGregor, Swales, and Turner (2007) . They disaggregate the one electricity sector in the official Scottish IO tables into generation and non-generation activities. Generation activity is then further disaggregated to eight technologies (nuclear, coal, hydro, gas, biomass, wind, landfill gas and marine) with the appropriate direct economic linkages. Economic activity in the fossil fuel coal and gas electricity generation would clearly be excluded from the LC + RE sector. Of the other generation technologies, hydro, wind, biomass, landfill gas and marine are included in the SGs targets for renewable electricity generation, while nuclear is not.
Constructing the electricity generation data in this way has two advantages. First, as argued already, there is a discipline imposed by the existing IO accounts. When summed, the output in the disaggregated electricity sector must replicate that in the official accounts. This acts as an important check on the accuracy of the information on the renewable sectors. Second, it gives the user flexibility. For example, there is often disagreement as to whether nuclear energy should be regarded as green. It is LC but not renewable and has significant safety and waste disposal issues. However, in this approach the user can decide whether or not to include nuclear activity (and all the nuclear supply chain) as LC + RE.
The disaggregation in Allan et al. (2007) is indicative of how the approach could be developed. It is limited in that it did not have access to official plant-level data and only tackled one aggregate sector. However, the argument here is that LC + RE-led economic development plans should be accompanied by systematic official disaggregation of the IO accounts so as to ensure compliance with national accounts and consistency across sectors/subsectors, and over time.
Up to this point the analysis has focused on all sectors' operational phases. It is comparatively straightforward to use the static IO framework to analyse the impact of construction (and development) expenditures once its sectoral distribution and domestic content is identified (since imported inputs have no impact on the host region). As an example, Allan, Cui, Lecca, and McGregor (2015) applied this approach to the development of offshore wind.
An appropriately disaggregated set of economic accounts would also allow the identification and tracking of the causes of LC + RE activity, e.g., the drivers of the level of employment in the LC + RE sector. Two dimensions are worth noting: the time period over which the stimulus will apply, and its spatial source. For instance, it would be useful to know if the estimated employment is due to activities that are likely to persist or ones which are temporary in nature. There may be significant employment that is supported by the installation of LC technologies (as in the construction phase of project development), for instance, while other drivers, such as maintenance of existing (operational) capacity, are more likely to be permanent. This is helpful for understanding the build up and expected duration of employment. Additionally, if construction/installation of capacity is projected to continue into the medium-term, the employment implications are likely to be quite different.
The second dimension concerns whether LC + RE employment is derived from domestic or overseas sources. Whilst the domestic market might provide a natural precommercial and early development area for new technologies, SG policy certainly aspires to enhancing export activity through LC + RE technologies and services. Quantifying the share of LC + RE employment and activity supported by non-domestic drivers would facilitate better predictions of the impacts that changes in the type and levels of drivers could have on employment. For renewable electricity, for example, information on exports of electricity as well as exports of the technology would be profoundly helpful for policy-makers.
Finally, such a set of environmentally extended economic accounts would provide the basic dataset for multisectoral economic modelling. A range of modelling approaches, including IO, social accounting matrix (SAM) and computable general equilibrium (CGE) models use IO accounts as the basis for more complex analysis of the consequences for the economic system of policy and non-policy disturbances. These methods have been used to analyse the impacts of carbon taxes (Allan, Lecca, McGregor, & Swales, 2014) , the consequences of investment expenditures on marine energy capacity (Allan, Lecca, McGregor, & Swales, 2013; Gilmartin & Allan, 2015) and the 'recycling' of non-wage incomes from RE back into the local economy where a facility is locally owned (Allan, McGregor, & Swales, 2011) . Such modelling approaches become more valuable with increased devolution of responsibilities for industrial development.
CONCLUSIONS
The energy sector, and especially the LC + RE sector, plays an increasingly important role in the SG's industrial strategy. Although RE is seen as offering particular opportunities for the Scottish economy, the LC + RE sector features in the economic strategies of many local development agencies, both in the UK and the rest of the World. However, a clear procedure for measuring the level of activity in this sector is required for sound policymaking and monitoring. This review of existing attempts at measuring LC + RE employment in Scotland suggests that there are significant difficulties; existing estimates from the SG and industry bodies lack transparency and are inconsistent. An alternative approach is suggested here.
The proposal is to embed the measurement of the LC + RE sector within a set of IO accounts. Such an approach has a number of key advantages for policy-makers committed to an economic development strategy based (wholly or partially) on the LC + RE sector. First, it provides an essential data source that is constructed on national accounting principles and identifies not only employment but also output and value added in the individual elements of the LC + RE sector, and associates these with conventional headings in the SIC. This makes it more straightforward to compare the contribution of the LC + RE subsector as against other sectors and to monitor the development of the subsector over time.
Second, the IO framework explicitly reveals supply chain relationships. Rigorous methods for calculating the indirect and induced activities associated with a developing LC + RE subsector can be derived from the matrix of intermediate purchases. These supply-chain (and consumption) effects can be presented in terms of both their aggregate and sectorally disaggregated impacts (including the LC + RE subsector) which are automatically generated by the IO approach. This allows policy-makers to focus on, for example, indirect and induced effects within the subsector as well as their impact on the economy as a whole. The IO accounts also identify the sources of final demand for each commodity, so as to improve projections for future demand.
Third, the augmentation of IO accounts to incorporate environmental variables linked to production facilitates environment-energy-economy accounting. This allows policy-makers to develop rigorous production-and consumption-oriented measures of carbon emissions, for example, and assess the contribution of the LC + RE sector to these measures. So, for example, as the LC + RE sector grows relative to fossil fuel-based technologies, this should reduce both territorial emissions (that Kyoto emphasizes) and carbon footprints, but the proposed approach would allow the government to quantify this contribution rigorously.
Furthermore, the databases could be used to calibrate models that are rather more flexible than IO in that they can accommodate a non-passive supply side. In fact, the SG is already making use of CGEs, though mainly in the context of exploring the consequences of greater fiscal autonomy. Energy-economy-environment CGE models could be used to assess the likely impact of a whole range of possible demand and supply-side policies/disturbances on the LC + RE subsector.
The proposal here is most obviously directly applicable to those regions that already possess IO tables, whether officially produced or not. Where these tables do not exist there are methods available for simulating them, although the accuracy of these methods is more questionable the smaller is the target region. In such instances, one could advocate the same basic principles, namely: adopt methods that are compatible with national accounting principles, identifying links to SIC sectors and subsectors. Adoption of this approach will ensure a systematic and comprehensive database of the LC + RE subsector be developed that would also allow meaningful regional (and national) comparisons.
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NOTES
1. In 2012, 2500 GWh of heat, equivalent to 4.1% of Scottish non-electrical heat demand, was produced from a renewable heat capacity of 0.561 GW (EST, 2013). 2. Renewables might also make a contribution to security of supply, another objective of energy policy, by reducing dependence on imported fuels. 3. In the Scottish Climate Change Act 2009, the SG set targets of 42% and 80% reductions in domestic greenhouse gas emissions by 2020 and 2050 respectively. However, these targets in no way bind the government on international emissions reduction objectives. 4. SR has released updated figures for 2013 (O'Herlihy & Co., 2014) . The method adopted appears to be equivalent to that used in its earlier publication. The present paper refers to the 2012 SR report throughout as it is closer in time to the other two reports and therefore makes the comparison of results more straightforward. The update for 2013 gives full-time equivalent (FTE) employment in Scotland's renewable energy industry as 11,695, an increase of 5% on the 2012 estimate. 5. For a discussion of the difficult question of what is, and what is not, part of the supply chain for these technologies, see the fourth section. 6. Figure 1 is simply a topographical representation. Where part of Scottish employment is included in only one of the studies, it is labelled with the abbreviation for that study, e.g., SR, SG or IS. Figures are employment totals identified by the corresponding reports. 7. In neither study is the employment figure for nuclear separately identified; however, anecdotal evidence suggests that each nuclear power station employs a workforce of around 400. 8. A satellite account approach might have added useful information to this analysis. However, these are concerned purely with direct measures of activity. Therefore, they can be an extension of, but not an alternative to, an appropriately disaggregated set of IO accounts; and they cannot undertake an analysis of the supply chain for identified activities (Jones & Li, 2015) .
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